Objective: The incidence of wound infection in coronary artery surgery is low, but there is an appreciable mortality associated with sternal infection. In other fields of surgery there is evidence that an all disposable paper gown and drape system has protective advantages over a fabric system. Using an established wound scoring system (ASEPSIS), we investigated this in a prospective, randomised trial of patients undergoing cardiac surgery. Methods: 505 patients undergoing isolated coronary artery surgery in a single hospital over an 18 month period were randomised to either a disposable, paper drape system or re-usable fabric drapes. Allocation was stratified according to whether or not the patient had had previous coronary artery surgery. Patients were followed for 3 months. Total infection scores for each wound were calculated from daily scores collected in hospital together with the scores at six weeks and three months. Results: The two randomised groups were otherwise well matched. Full follow-up information was available for 464 (92%) patients. There was no evidence of any difference in rates of sternal or leg wound infection between the two groups (P = 0.87 and 0.62, respectively). Women were more likely to have infected sternal wounds (P = 0.17) and significantly more likely to have infected leg wounds (P = 0.04). Patients with sternal wound infections had a significantly higher body mass index (P = 0.001). High Parsonnet scores and increased time on ventilation were significantly associated with leg wound but not sternal infections. For both wound sites, patients with infections had spent longer in the operating theatre. Conclusion: In a randomised controlled study of patients undergoing coronary artery surgery we found that the use of paper drapes and gowns conferred no benefit over a reusable fabric in terms of post-operative wound infection. Although females and diabetics are more likely to experience this complication, an important additional risk factor is an extended operating time.
Introduction
Coronary artery bypass surgery remains the dominant operation in adult cardiac surgery. Although the incidence of wound infection is generally low, the associated mortality rate from sternal infection is high and varies from 14 to 47% in recent reports [1] [2] [3] [4] [5] . Even leg wound infection, which rarely represents a threat to life, adds importantly to morbidity; the average cost of maintaining a patient in hospital with a wound infection is three times that of patients with an uncomplicated postoperative course [3] . Clinically, mediastinitis typically presents between 4 and 30 days after operation, most commonly with a wound discharge. The recent trend towards shorter hospital stays of 4-5 days leads to a situation where the clinical diagnosis of wound infection is often made outside the cardiac unit, by the primary care team or the community hospital. Thus the incidence of postoperative wound infection may be difficult to measure. This study, a randomised controlled trial of two draping systems, was designed also to produce a prospective audit of wound infections in a tertiary referral centre for cardiac surgery, and to evaluate the clinical use of an established wound scoring system (ASEPSIS), developed specifically for cardiac surgery [6] .
single hospital between July 1995 and December 1996 were considered for entry into the study. Patients were allocated, using sealed envelopes containing a series of computer-generated random numbers, to surgery using either a disposable, paper drape system including an iodophor impregnated adhesive plastic drape which covered the central thorax and abdomen; or re-usable fabric drapes including an iodophor impregnated adhesive plastic drape covering the anterior thorax [7] . In each group, the operating surgeon, assistants and scrub nurses wore gowns of the same material as the drapes. Allocation was stratified according to whether or not the patient had had previous coronary artery surgery. All patients received an identical prophylactic antibiotic regime consisting of cephazolin 1G 12 hourly for 48 h with the first dose given at the time of anaesthetic induction. None of these patients had a history of cephazolin sensitivity. A uniform method of wound closure was used: polydioxanone (PDS) monofilament absorbable suture was used for sternum, leg and arm. Single steel wire sutures were used to close the sternum in all patients and metal clips were used to secure branches of the internal mammary artery on the chest wall, branches of the saphenous vein in the leg, and branches of the radial artery in the arm. The study was approved by the Ethics Committee of Royal Brompton Hospital, each patient providing informed consent.
A research nurse (J.B.), who was unaware of the patients' drape system, inspected and assessed all wounds on 5 out of the first 7 days following surgery; information at 6 weeks and 3 months post-operatively was collected from patients either over the telephone or in the clinic, according to protocol. Details of antibiotics used were verified by the primary care team or local hospital. Each wound was scored using the ASEPSIS system (6) (Appendix A). The important feature of this system is that the final score accrues by a simple and objective assessment of each element on the checklist, each element only being scored once during the 3 month period. Such a scoring system provides a more objective assessment. In general, a clinically significant wound infection had a score of 21-30, a deep wound infection, usually associated with a sternal click scored 31-40 and bone infection scored Ͼ41.
In this way, 505 (85%) of 593 eligible patients were randomised. Of the 593, consent was not obtained from 72 patients, and a further 16 were not randomised because of individual surgeons' preferences. Fifteen patients died during the follow-up period of the study.
Statistical analysis
Total infection scores for each site were calculated from the five daily scores collected in hospital together with the scores at 6 weeks and at 3 months. Full follow-up data were available for 464 (92%) patients. A further 22 patients were only missing one of the five scores collected during their post-operative hospital care. Substituting the missing score with the previous day's score made little difference to the subsequent results and increased the percentage of patients with complete scores to 96%.
Any infection which resulted in an ASEPSIS score of more than 20 was categorised as infected. Comparisons between the two randomisation groups were made using ttests, Mann-Whitney tests, chi-squared tests and Fisher's exact test. Associations between an infected wound and patient or operative details were also investigated separately using these tests. A stepwise logistic regression model was used to identify which factors were independently related to the risk of a wound becoming infected. All analysis was done using SAS (Cary, NC) and Egret (SERC, Seattle, Washington) statistical software.
With 250 patients in each arm of the trial, this study had an 80% power (alpha = 0.05) to detect a 2.4-fold increase in infection rate above the predicted baseline of 5%.
Results
The two randomised groups were well matched on demographic and co-morbidity features with the exception of diabetes mellitus which was more prevalent in the group randomised to receive paper drapes (Table 1) . Operative and peri-operative details were also similar although patients with fabric drapes were ventilated for longer (P = 0.05). Table 2 shows the total ASEPSIS scores for sternal wounds, and the maximum score for any wound. Twenty five (5%) sternal wounds, 58 (13%) leg wounds and no arm wounds were classified as infected (score 20). There was no evidence of any difference in rates of infection between the two drape groups (P = 0.87 and 0.78, respectively). Sternal infections were as likely to occur in hospital (52%) as after discharge (48%). On the other hand, 44 (76%) leg wound infections were detected only after discharge from hospital.
Univariate associations between possible risk factors and the presence of an infected wound are displayed in Table 3 . Female patients were more likely to have infected sternal wounds (P = 0.17) and significantly more likely to have infected leg wounds (P = 0.04). There was a tendency for diabetic patients to develop more infections but the increases were not statistically significant. Patients with infected sternal wounds had on average a significantly higher body mass index (P = 0.001). No relationship was observed between the thickness of the subcutaneous fat tissue and wound infection rate High Parsonnet scores [8] and increased time on ventilation were significantly associated with leg wound but not sternal infections. In this study the use of one or two internal mammary arteries was not associated with an increased incidence of sternal wound infection (Table 3) . For both wound sites, patients with infections had spent longer in the operating room but the differences were small. Re-opening of the sternum for excessive blood loss in the early postoperative stage was performed in 22 of 386 (5.6%) uninfected wounds and in eight of 78 (10%) wounds which subsequently became infected; this difference which was not statistically significant. All reopening procedures were performed under sterile conditions in the operating room. The draping method for these second procedures was identical to that determined by randomisation for the first operation.
Sternal wounds tended to be closed by a consultant (28%) or senior trainee surgeon (64%); peripheral wounds, on the other hand, were more frequently closed by a junior surgeon (53%) or surgical assistant (36%). A sternal wound was slightly more likely to become infected if it was closed by a senior trainee but the differences were small and not statistically significant (Table 3) . Leg infections were more likely to become infected if the person responsible for closing the wound was a junior surgeon, a difference that also was not significant. Surgical assistants had significantly lower (P = 0.042) rates of infections in leg wounds, 15/ 168 (9%), compared to junior surgical trainees, 39/247 (16%).
A stepwise logistic regression model was used to identify which factors were independently associated with a risk of wound infection (Table 4) . Increased body mass index, being female and more time spent in the operating room were independently associated with an increased risk of sternal infection. A high Parsonnet score was the only factor which remained significantly and independently associated with risk of leg wound infection. A variable coding for drape system was subsequently added to the regression models in order to estimate its relationship with risk of infection after adjusting for factors known to be associated with infection. For neither sternal nor leg sites was there evidence of increased risk with the fabric drape system (odds ratios = 0.86, 95% [CI: 0.37-2.01] and 1.24, [CI: 0.71-2.16], respectively).
Swabs for microbiology were obtained from 23 (5%) of 486 sternal wounds during hospital admission. The microorganisms isolated in the presence of infection (scored Ͼ20) were, in order of frequency (n): Staphylococcus epidermidis (5), Staphylococcus aureus (2), miscellaneous organisms (2) . Similarly, swabs were obtained from 27 (6%) of 486 Results for 505 patients using the maximum ASEPSIS score for any wound. There was no difference in severity of wound infections by drape system; P = 0.87. sternal wounds after discharge from hospital. In these cases the micro-organisms isolated in the presence of infection were, in order of frequency (n): Staphylococcus aureus (9), Staphylococcus species (1), Pseudomonas aeruginosa (1), Pseudomonas species (2), miscellaneous organisms (3). Swabs were also obtained from 13 (3%) of 478 leg wounds. Microorganisms isolated from infected leg wounds in hospital were: Pseudomonas aeruginosa (2) and Pseudomonas species (2), miscellaneous organisms (4). For leg wounds examined out of hospital (54 [11%] of 418 wounds) the frequencies were as follows: Staphylococcus aureus (23), Staphylococcus epidermidis (1), Pseudomonas aeruginosa (2), Pseudomonas species (1), miscellaneous organisms (32).
An assessment of the comparative cost of fabric versus disposable drapes showed that the disposables were 150% more expensive than fabric.
Discussion
Elective adult cardiac surgery is 'clean' and the number of wound infections should be low. A review of the literature in the last 15 years reveals a range of postoperative sternal wound infection of 1.0-8.6% [1] [2] [3] [4] . The rate of sternal infection in our own unit based on a routine pros-pective surgical audit (unpublished) was 5.3 and 5.4% for the years 1993 and 1994, respectively. Unfortunately, the majority of reported studies, whether retro-spective or prospective, fail to identify the end points with sufficient clarity to enable comparisons to be made.
Advances in manufacturing techniques have led to the construction of improved quality materials which are resilient [9] . A 21 month study from Duke University incorporating 2181 general surgical procedures demonstrated the efficiency of a disposable gown and drape system in com- Characteristics of patients by presence or absence of wound infection. Infection is categorised as scoring Ͼ20 on any wound. *Some wounds were closed by more than one person; CCST, consultant surgeon; SST, senior surgical trainee; JST, junior surgical trainee; SA, surgical assistant.
parison to a cotton system in decreasing wound infection. Overall the disposable system showed a marked reduction in the number of wound infections (2.8 vs. 6.5%). A similar improvement was shown in 'clean' cases (1.8 vs. 3.8%). The barrier effect of the disposable material was independent of all other factors in reducing the wound infection rate.
We did not demonstrate a reduction in wound infection in our study. Although our numbers are smaller than the general surgical study of Moylan [9] , our statistical calculation indicates that with the use of a closely monitored wound score system a significant difference is unlikely to emerge between the two groups with less than 5000 patients in a relatively homogeneous group of coronary artery bypass operations. As in other studies of cardiac operations we found that female gender, diabetes, high body mass and extended operating time were incremental risk factors [10] [11] [12] [13] [14] . Unlike Fernandez et al. [15] we did not find that age had any significant bearing on wound infection. Also in contrast to other reports [2, 16, 17] we did not find that a preoperative hospital stay of two or more days was associated with postoperative wound infection which is reassuring since this is a common event occurring in 32% of our patients, many of whom are transferred directly from community hospitals to our unit. Furthermore, the requirement for re-sternotomy for early post-operative bleeding did not emerge as an incremental risk factor for wound infection. This stands in contrast to other studies where re-operation in this setting was associated with an increased risk of mediastinitis [1, 2, [18] [19] [20] [21] [22] .
Our mean bypass times were less than 90 min so it is not surprising that this factor had no impact on wound infection. Most studies show a higher incidence of sepsis with bypass times over 3 h [3] . There is evidence that cardiopulmonary bypass affects phagocytic activity. The ability to clear bacteria is diminished, a problem that increases with prolonged bypass time [23] .
The use of one or two internal mammary arteries has been implicated as a risk associated with sternal infections [24] . Sternal infections may occur with a greater frequency in patients using both internal mammary arteries than among unilateral IMA or vein graft patients (6.9 vs. 1.9 vs. 1.3%; P = 0.001; n = 1566 patients). A large review [3] from the Cleveland Clinic assessed relative risk by regression analysis and showed the combination of diabetes and bilateral IMA to have a relative risk of 5.00. However, among conduit groups (SV; 1 IMA or 2 IMA's) there was no difference. Hazelrigg et al. [25] noted among a series of 2582 patients with an infection rate of 0.81% a significantly higher rate among those having bilateral IMA grafting (1.65%; odds ratio 4.15).
The detection of wound infection after hospital discharge was high in our study (48% of sternal wounds and 76% of leg wounds) similar to the experience of Law et al. [26] who found that 60% of postoperative wound infections in a general surgery practice were detected after discharge. This supports the need to extend specialist care into the community during the convalescent period, a feature of current 'Hospital at Home' programmes. It is our unit policy to maintain contact between the patient and the cardiac surgical nursing staff by telephone for the first postoperative month.
Most wound infections arise from skin organisms. The organisms most commonly involved include Staphylococcus epidermidis, or Staphylococcus aureus [1, 26] . Our findings are in line with these authors and like them we found Gram negative bacilli less commonly. We did not find any fungal infections, which is to be expected as they usually appear as superinfections in association with a more complex patient profile.
Our study largely supports the view of Hammermeister et al. [27] that, with the exception of body mass index and female gender, there are few preoperative factors that predict sternal wound infection; this implies that the most important factors are technical at the time of the primary wound closure. 
Appendix A ASEPSIS
ASEPSIS is an acronym for Additional treatment, the presence of Serous discharge, Erythema, Purulent discharge and Separation of the deep tissues, the Isolation of bacteria and the duration of inpatient Stay. Points were allotted according to the ASEPSIS system for the extent of wound disturbance showing serous (0-5) or purulent (0-10) exudate, erythema (0-5), and separation of the deep tissues (0-10). Points were also added for criteria up to 3 months following surgery: antibiotic treatment, 10 points; drainage under local anaesthetic, 5 points; debridement under general anaesthetic, 10 points; positive microbiology isolate, 10 points; extended hospital stay beyond 10 days due to wound infection, 5 points. The total score was then used to reflect the severity of infection as shown: 0-10 = satisfactory healing 11-20 = disturbance of healing 21-30 = minor wound infection 31-40 = moderate wound infection Ͼ41 = severe wound infection
